The Brazilian Central Plateau covers about 40% of the Cerrados Biome and represents 24% of the Brazilian territory. The Latosols that correspond to about 40 % of the surface area of the Central Plateau are characterized by a poor horizonation, a weak macrostructure and a strong development of the fine granular structure composed of subrounded microaggregates 50 to 300 µm in size. In this study, we analyzed the hydraulic properties of a set of Latosols varying according to their clay content and mineralogy with respect to their location along a regional topossequence across the Brazilian Central Plateau. Ten Latosols (L) were selected on the South American Surface (L1 to L4) and Velhas Surface (L5 to L10) and we studied the properties of their diagnostic horizon 2 (Bw). We measured their bulk density and particle density, and the soil-water retention properties at -1, -6, -10, -33, -300, and -1500 kPa by using the centrifugation method. We also determined the saturated hydraulic conductivity in the field using the Guelph permeameter procedure. Results showed that the total pore volume (V p ) ranged from 0.460 to 0.819 cm 3 g -1 and 58.2 % of the variance was explained for by the clay content.
Hydraulic properties of the diagnostic horizon of Latosols of a regional toposequence across the Brazilian Central Plateau

-Introduction
The Brazilian Central Plateau covers about 40% of the Cerrados Biome and 24% of the whole Brazilian territory (Adámoli et al., 1986) . It can be divided into two main geomorphic surfaces: the South American Surface and the Velhas Surface (King, 1956; Lepsch and Buol, 1988; Motta et al., 2002; Marques et al., 2004) . The South American
Surface corresponds to a landscape that originated from a vast peneplain resulting from erosion between the lower Cretaceous and the middle Tertiary under humid climatic conditions favorable to deep weathering of rocks (Braum, 1971) . Because of continent uplift, that peneplain was dissected, thus resulting in a landscape of tablelands 900 to 1,200 m high corresponding to remnants of the South American Surface (Radambrasil, 1984) . On the other hand, the Velhas Surface has formed later and corresponds to surfaces connecting the South American Surface to lower portions of the landscape where the rivers flow. The Velhas Surface shows moderate and convex slopes and covers a much smaller surface areas of the Brazilian Central Plateau than the South American Surface.
The Latosols cover about 40% of the Central Plateau surface area (Silva et al., 2005) . Most Latosols in the Brazilian Soil Taxonomy (Embrapa, 1999) correspond to Oxisols in the Soil Taxonomy (Soil Survey Staff, 1998) and to Ferralsols in the International Reference Base System (ISSS Working Group R.B., 1998; Reatto et al. 1998 ). In the Central Plateau, the Latosols can be Red Latosols (Acrustox, ~28%), Yellow Red Latosols (Acrustox, ~10%) and Yellow Latosols (Haplaquox, ~2%) (Silva et al., 2005) . The main characteristics of Latosols are a poor differentiation of the horizons, a weak macrostructure and a strong submillimetric granular structure (Embrapa, 1999) resulting in microaggregates 50 to 300 µm in size (Balbino et al., 2001 and Volland-Tuduri et al., 2004 and 2005) and earlier described as "pseudosand", "micropeds" and "granules" (Kubiena, 1950; Brewer and Sleeman 1960; Brewer, 1976) or primary particle fraction (Westerhof et al., 1999) . The development of that granular structure in Brazilian Latosols was analyzed in numerous studies (e.g. Resende, 1976; Lima, 1988; Ker, 1995; Ferreira et al.,1999a; Schaefer, 2001; Gomes et al., 2004a; Cooper and Vidal-Torrado, 2005; Volland-Tuduri et al., 2004 and 2005) . Kaolinite, gibbsite, goethite and hematite were recognized in different proportions in the clay fraction of Latosols. Curi and Franzmeier (1984) analyzed the mineralogy of the clay fraction in a topossequence of Latosols developed in the weathered basalt in Southern Goiás state. They showed that gibbsite was the main mineral in red Latosols located upslope when it was kaolinite and goethite in yellow Latosols located downslope. Ferreira et al. (1999a) studied seven diagnostic horizons (horizon Bw) of Latosols from the Minas Gerais and Espírito Santo states. They showed that kaolinite and goethite were the main minerals in the clay fraction of yellow Latosols when it was gibbsite, hematite and goethite in different proportions in the <2µm fraction of ferric red Latosols and red Latosols. They also concluded that kaolinite and gibbsite were the main minerals responsible for the structure development of the Latosols studied. Ker (1995) studied the clay fraction of 26 diagnostic horizons collected in Latosols located in several Brazilian states. He showed that ferric red Latosols were rich in kaolinite, gibbsite and hematite, the red Latosols in kaolinite and hematite, the yellow red Latosols in kaolinite and goethite, and the yellow Latosols in kaolinite, gibbsite and goethite. Reatto et al. (2000) studied the diagnostic horizon of 124 Latosols located in the Brazilian Cerrado area and showed that other mineralogical compositions than those recorded by earlier authors were associated to the different types of Latosols. Gomes et al. (2004a) Pachepsky et al. (2001) found relationships between the soil water retention and topographic variables and showed that more than 60% of the variation in soil water content at -10 and -33kPa were explained by these relationships. Van den Berg et al. (1997) studied the water retention properties of Latosols in different regions and showed that water release occurs between -5 and -10 kPa such as in sandy soils. Cichota & van Lier (2004) discussed the spatial variability of the water retention properties of loamy Yellow Red Latosols. The water retained at every different potential ranging from -1 to -100 kPa was not closely related to the clay content. Ferreira et al. (1999b) showed that the saturated hydraulic conductivity (K s ) of Latosols increased with the clay content but they did not discuss the variability within every class of Latosols. However they showed for the diagnostic horizon that 3.9 10 -6 < K s < 2. Although there is a large range of composition among Brazilian Latosols, the earlier studies did not show any close relationship between the Latosol composition and their hydraulic properties. In this study, we analyzed the hydraulic properties of set of Latosols varying in their particle size distribution and mineralogical composition according to their location in a regional topossequence across the Brazilian Central Plateau. We showed that water retention properties and saturated hydraulic conductivity varied mainly according to the development of the microaggregation with no clear link to the mineralogy of the clay fraction.
-Material and Methods
-Site conditions
According to the Köppen classification, the most representative climate of the Central Plateau is Megatermic or Humid Tropical (Aw) with the subtype savanna. It is characterized by a dry winter (medium temperature of the coldest month > 18°C) and maximum rains in summer. The mean annual rainfall ranges from 1,500 to 2,000 mm, with the highest rainfall in January and the smallest in June, July and August (<50 mm/month). The relative humidity of the air is about 75% between January and April, when it is about 30% during the dry winter (Assad et al., 1993) .
-Soil selection
The Latosols studied were selected according to Reatto et al. (2000) who studied the mineralogical composition of Latosols in the Cerrados Biome. By using a semiquantitative method based on a sulfuric acid extraction and the soil color (Resende et al., 1987, Resende and Santana, 1988) . Reatto et al. (2000) showed that for the data of mineral oxides from sulfuric acid extraction, was used to estimate the values of kaolinite, gibbsite, goethite and hematite, and the two last clay minerals with the integration of the color (hue, value and chrome), according Santana (1984) . Besides of the mineralogical variability was realized an arrangement between: class of Latosols, according Brazilian Soil Taxonomy (Embrapa, 1999) and topography surface, and textural class, and parent material.
Ten Latosols (L) were selected along an approximately 350 km long regional toposequence across the South American Surface (L1 to L4) and Velhas Surface (L5 to L10) ( Table 1 ). The Latosols L5 and L6 were located on the upper Velhas Surface, L7
and L8 on the intermediate Velhas Surface, and L9 and L10 on the lower Velhas Surface.
According to Reatto et al. (2000) who studied the mineralogical composition of a large range of Latosols in the Cerrados Biome by using semi-quantitative methods based on sulfuric acid extraction and soil color (Resende et al., 1987; Resende and Santana, 1988) , the selected Latosols showed a large range of mineralogical composition (Table 1) .
-Soil characterization
Soils were described according to the field manual of Lemos and Santos (1996) and the Brazilian Soil Taxonomy (Embrapa, 1999) . A pit 2-m depth was dug and the top horizon (A), transitional horizons (AB and BA) and diagnostic horizon (Bw) were described. Disturbed samples were collected in every horizon as well as undisturbed samples in triplicate using copper cylinders 100 cm 3 in volume (∅ = 5.1 cm, h = 5 cm).
Basic soil characterization was performed on the air-dried <2-mm material according to the Brazilian standard procedures as described by Embrapa (1997) . Thus, the particle size distribution was determined using the pipette method after dispersion with NaOH 1N. The particle density was determined by using 95% hydrated alcohol with 20 g of air-dried soil material in a 50-ml pycnometer. The soil pH was measured in distilled water and 1N KCl using 1:1 mass soil to solution ratio. The water retention properties of the horizon Bw were determined for every soil by using the undisturbed samples collected in triplicate. These samples were saturated for 24 h prior the determination of their water retention properties by using the centrifugation method (Freitas Junior and Silva, 1984) . A 120-min centrifugation long was used as recommended by Silva and Azevedo (2002) . The water content was determined at -1, -6, -10, -33, -300, and -1500 kPa. The sample mass was measured at every water potential and the final water content was determined at -1500 kPa after oven-drying the soil at 105°C. The water content at every potential was then calculated. The bulk density (g.cm -3 ) was calculated using the oven-dry mass of the soil material contained in the 100 cm 3 cylinders. The saturated hydraulic conductivity was determined in the field using the Guelph permeameter procedure (Reynolds and Elrick, 1985) . The water infiltration measurements were taken from three bore holes, applying two different constant water heads for each hole. The field saturated hydraulic conductivity was thus measured in the horizon Bw at a depth ranging from 110 to 140 cm according to the soil description.
-Results
-Structure
Field observations revealed a decrease in the development of the sub-angular blocky structure with depth and a strong increase in the development of the very fine granular structure. Dense centimetric nodules with similar composition to the surrounding soil material were recorded in different proportion in the Latosols studied. Nodules were about 20% of the soil volume between 30 and 70 cm depth in L1, L2, L3, L5, L6 and L10, 10% in L8, 5% in L9 and 2% in L4 and L7. Spherical iron concretions <2 mm in diameter were also recorded in L1 and their proportion roughly increased with depth.
Most roots were located within the 0-5 cm top layer and their size decreased with depth, roots several centimeters in diameter being very rare below 20 cm depth. Channels a few millimeters in diameter and cavities a few centimeters in size that are related to termite and ant activity were found in the Latosols studied. They were particularly numerous in L7, moderately numerous in L1, L6 and L8 and a few in the other Latosols studied.
The diagnostic horizons (Bw) of the Latosols studied showed a compound weak to moderate medium subangular blocky structure and a strong fine to very fine granular structure (Table 2) . Dense nodules were not recorded in the diagnostic horizons (Bw) of L2, L4, L6, L7 and L7. They were between 30 and 40% of the soil volume in L1, about 20% in L5, 10% in L7 and 5% in L3 and L8. Cavities and channels were several millimeters in diameters and few in L1, L4 and L5 when they were numerous in L7. They were very rare in the other diagnostic horizons.
-Physico-chemical characteristics of the diagnostic horizon Bw
The pH w ranged from 4.8 to 5.3 and pH KCl from 4.0 to 6.2. The horizons Bw of the Latosols of the South American Surface were more electropositive than the Latosols of the Velhas Surface ( (Table 4) .
-Discussion
-Total pore volume and elementary pore volumes
We computed the total pore volume (V p in cm 3 g -1 ) by using both the bulk density (D b ) and particle density (D p ) as following:
Results showed that V p ranged from 0.460 to 0.819 cm 3 g -1 (Tables 4 & 5 ) and 58.2 % of the variance was explained for by the clay content (Fig. 1 ). Earlier studies (Balbino et al., 2002; Volland-Tuduri et al., 2004 and 2005; Cooper and Vidal-Torrado, 2005) showed that the total pore volume of microaggregates of the Latosols resulted from the contribution of the pores related to the assemblage of elementary particles inside the microaggregates (intra-microaggregate pores, V intra in cm 3 g -1 ) and of the pores between the microaggregates (inter-microaggregate pores, V inter in cm 3 g -1 ). The volume of intermicroaggregates pores resulted from the contribution of the pores related to the assemblage of the microaggregates and of those related to biological activity that are usually greater in these soils than the former (Schaefer, 2001; Barros et al., 2001; Volland-Tuduri et al., 2004 and 2005) . Balbino et al. (2002) studied the variation of V intra for a large range of Latosols and showed that it was closely related to the clay content (C)
as following:
with C, the clay content (g.kg -1 ). According to that relationship, V intra ranged from 0.090 to 0.234 cm 3 g -1 for the Latosols studied (Table 5 ). Then we computed V inter using the following relationship:
The recorded V inter ranged from 0.305 to 0.585 cm 3 g -1 (Table 5) . That variation of V inter cannot be related to the structure development of the diagnostic horizons Bw studied as described in Table 2 . However, the smallest V inter was recorded in L1 where the horizon Bw 2 showed the greatest proportion of dense nodules (Tables 2 & 5) .
-Water retention properties
Our results showed that the percentage of variance of the gravimetric water content explained for by V p decreased with the water potential (Fig. 2) . That percentage gradually decreased from 97.9 to 63.6 % when the water potential decreased from -1 to -300 kPa, the percentage of variance explained being a little greater at -1500 kPa (65.1 %) than at -300 kPa. Such a decrease of the closeness of the relationship with the water potential was earlier recorded for other soils (Bruand et al., 1988; Dexter, 2004) and it is related to the decrease in the proportion of V p that retains water when the water potential decreases.
On the other hand, our results showed also that the percentage of variance of the gravimetric water content explained for by the < 2 µm content increased with the absolute value of the water potential (Fig. 3) . Indeed, that percentage gradually increased from 56.7 to 90.7 % when the water potential decreased from -1 to -1500 kPa. That increase is related to the decrease in the size of the pores retaining the water when the water potential decreases, the more their pore size being small, the more the pore volume to which they correspond to being closely related to the < 2 µm content (Bruand and Prost, 1987; Bruand et al., 1988) .
The proportion of variance remaining unexplained for by the < 2 µm content and its increase with the water potential would result from the contribution to water retention of a volume of pores that increased with the water potential and that was not related to the < 2 µm content but to aggregation development. On the basis of the Jurin's law, water is retained at -1500 kPa in pores with equivalent pore diameter (D e ) ≤ 0.2 µm thus indicating that at this water potential water was retained in pores resulting from the assemblage of the < 2 µm particles and explaining the great percentage of variance explained for by the < 2 µm content at -1500 kPa (90.7%) (Fig. 3f) .
-Saturated hydraulic conductivity
The smallest and greatest averaged K s and V inter were recorded for L1, respectively (Tables 4 & 5) . However, comparison of K s and V inter led to poor correlation between them probably because V inter includes a large proportion of small pores that only participate marginally to water transfer when the soil is saturated. Ahuja et al. (1989) related K s to the effective porosity (Φ e ) defined as the porosity occupied by air at -33 kPa as following:
where a and b are constants. That relationship was used by Franzmeier (1991) and Tomasella and Hodnett (1997) for a large range of soils. We computed the porosity occupied by air (Φ a ) at different potentials as following:
with ρ w , the specific mass of water taken as equaled to 1 g cm -3 , and h, successively equaled to -1, -6, -10 and -33 kPa. Then we correlated K s to the different values of Φ a and showed that the closest correlation was recorded with Φ a computed for h = -1 kPa (R 2 = 0.558) (Fig. 4) . The correlation recorded with Φ a computed for h = -33 kPa as earlier proposed by Ahuja et al. (1989) was the loosest (R 2 = 0.362). Thus, unlike Φ e defined by Ahuja et al. (1989) as the porosity occupied by air at -33 kPa (D e = 10 µm), the effective porosity should be defined as the porosity corresponding to larger pores (D e ≥ 300 µm since occupied by air at -1kPa) for the diagnostic horizons (Bw) of Latosols.
-Conclusion
Our results showed that for the diagnostic horizons studied the total pore volume (V p ) ranged from 0.460 to 0.819 cm 3 g -1 . They showed also that 58.2 % of the variance of V p was explained for by the clay content alone although there was a large range of clay mineralogy within the set of diagnostic horizons (Bw) studied.
According to Balbino et al. (2002) , V p was divided into a volume of intramicroaggregates pores (V intra ) and inter-microaggregates pores (V inter ). Results showed that V intra ranged from 0.090 to 0.234 cm 3 g -1 and V inter from 0.305 to 0.585 cm 3 g -1 .
Results showed also that V p explained a proportion of the variance of the water retained that decreased with the water potential. On the other hand, the clay content explained a proportion of that variance that increases when the water potential decreased.
The great proportion of variance (90.7 %) explained for by the clay content alone at -1500 kPa showed that there is little variability that can be attributed to clay mineralogy variation. The saturated hydraulic conductivity (K s ) was related to an effective porosity (Φ e ) defined as the volume proportion of pore with equivalent diameter > 300 µm.
Thus, our results showed that water retention properties and saturated hydraulic conductivity varied mainly according to the clay content and development of large pores without any close link with the mineralogy of the clay fraction. Westerhof, R., Buurman, P., van Griethuysen, C., Ayarza, M., Vilela, L., Zech, W. 1999.
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